ABSTRACT
KAINIC ACID, WHICH IN JAPANESE MEANS "monster from the sea," is a nondegradable analog of glutamate isolated from the seaweed Digenea simplex with potent neuroexcitatory and neurotoxic properties (1) . In rats, intracerebral or systemic injection of kainic acid leads to generalized limbic seizures accompanied by severe neuronal damage (2) . The neurotoxic effects of kainic acid seem to be mediated by a subclass of non-NMDA excitatory amino acid receptors (3), although the proximate cause of neuronal degeneration is complex and remains poorly understood.
Recently it was proposed that the activation of excitatory amino acid receptors can trigger the formation of reactive oxygen species (4) . Kainate has been shown to generate free radicals when added in vitro to rat cerebellar cell cultures (5) and in gerbil brain after systemic administration (6) . Oxygen free radicals are known to damage a variety of critical biological molecules, including DNA, essential cellular proteins, and membrane lipids (7) . Brain cells are at particular risk from free radical damage because of their high content of iron and polyunsaturated fatty acids, the latter being a substrate for lipid peroxidation, and because of their relatively deficient antioxidative defense mechanisms such as catalase, glutathione, and vitamin E (8) . In recent years, considerable evidence has accumulated suggesting that the pineal hormone melatonin is a potent hydroxyl (9) and peroxyl radical scavenger (10) . When compared to glutathione and mannitol, melatonin was reported to be 4-and 14-fold more effective as a hydroxyl radical scavenger, respectively. Being highly lipophilic (11) as well as hydrophilic (12) , melatonin potentially may provide oxidative protection in every subcellular compartment of the organism. Moreover, once oxidized, melatonin cannot be reduced or involved in regenerating processes that may cause toxic redox recycling and the formation of oxidative radicals (13) .
In the present study we investigated the role of melatonin against kainate-induced toxicity in disrupted cell homogenates from different brain regions. Moreover, rats of two different strains, Sprague-Dawley and Wistar, were compared to determine whether different brain areas showed different sensitivities for kainic acid and melatonin. The tissue concentration of malonaldehyde (MDA)2 and 4-hydroxyalkenals (4-HDA) was used as an index of lipid peroxidation (14) .
The results of this study show that pharmacological levels of melatonin confer a dose-dependent protection from kainic acid-induced oxidative damage in disrupted cell homogenates from different brain regions. These findings are consistent with a previous study that showed protection of primary cultures of cerebellar granule neurons from kainate toxicity as measured by the increase in the viability of melatonin-treated cells (18) . The generation of free radicals by kainic acid and its correlation with excitotoxin toxicity have been proposed by several groups (5, 6, 19, 20 pletion of ATP levels (21) and an accumulation of intracellular Ca2+ (22) . The increase in [Ca2+]i may either activate enzymes leading to the generation of free radicals (23) or trigger Ca2+_activated proteases to convert xanthine dehydrogenase to xanthine oxidase, with the consequent formation of free radicals (5). Furthermore, kainic acid is known to stimulate glutamate and aspartate release (24) , which in turn may amplify free radical formation.
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Several publications have appeared that support the antioxidant activity of melatonin. Both in vitro and in vivo experiments have shown the pineal hormone to be a potent hydroxyl and peroxyl radical scavenger.
Tan and colleagues (9) have proven the hydroxyl radical scavenging ability of the pineal hormone in a cell free in vitro system in which hydroxyl radicals were generated by exposing hydrogen peroxide to ultraviolet light. Moreover, when the peroxyl radical scavenging ability of melatonin was compared with that of Trolox, a water-soluble form of vitamin E, vitamin C, and reduced glutathione, the oxygen radical absorbing capacity of melatonin was the highest of the group (10). Indirect evidence of an in vivo action of melatonin as an antioxidant derives from two papers (25, 26) in which melatonin was shown to potently protect against free radical damage induced by the chemical carcinogen safrole and the herbicide paraquat. Moreover, melatonin has been shown to stimulate brain glutathione peroxidase activity, an antioxidative enzyme that metabolizes the precursor of the hydroxyl radical, hydrogen peroxide, to water (27) .
The protection conferred by the pineal hormone on kainate-induced oxidative damage is thus probably due to its free radical scavenging ability, although an action of melatonin at the kainate receptor cannot be excluded. Melatonin has also been postulated to influence inhibitory GABA-ergic neurotransmission.
Indeed, such an action of the pineal hormone might interfere with kainate-induced excitotoxicity and reduce toxic oxidative damage through a mechanism not requiring free radical scavenging (28) . A direct action of melatonin on GABA-A receptors needs confirmation because data reported in other studies are not consistent with this hypothesis (18, 29) . the total number of hydroxyl radicals generated in our system, but it is also irrelevant in terms of the relative increase of hydroxyl radical-induced lipid peroxidation mediated by kainic acid. Relatively high concentrations of melatonin (100 J.tM-4 mM) were used to confer protection against kainate toxicity in the present studies. However, a very high concentration of kainate (11.7 mM) was also used to induce marked increases in MDA and 4-HDA concentrations.
The concentration of kainate used in the present study was selected to conform to the kainate concentrations described in previous papers (19, 20 
